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(54) Non-aqueous electrolyte secondary battery and method of manufacturing the same 



(57) A non-aqueous electrolyte secondary battery is 
disclosed, which hardly causes deterioration of its prop- 
erties at high temperatures. The battery has a chargea- 
ble and dischargeable cathode, a chargeable and 
dischargeable anode, and a non-aqueous electrolyte 
and includes a substance which produces either one of 
water and gaseous carbon dioxide with an increase in 
temperature in any one of the cathode, the anode, the 
non-aqueous electrolyte, other elements, and voids in 
the battery. Examples of the substance which produces 
water include hydroxides and compounds having water 
of crystallization. Examples of the substance which pro- 
duces gaseous carbon dioxide include carbonates and 
hydrogencarbonates. 
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Description 

BACKGROUND OF THE INVENTION 

5 The present invention relates to a non-aqueous electrolyte secondary battery that keeps the favorable cell perform- 

ances and has the enhanced high-temperature storage properties and high energy density. 

Non-aqueous electrolyte secondary batteries using an alkali metal, such as lithium or sodium, as a negative elec- 
trode or an anode are intensively studied since they have a high electromotive force and are expected to have a higher 
energy density than conventional nickel-cadmium storage batteries and lead-acid storage batteries. Especially the non- 

10 aqueous electrolyte secondary batteries using Li as the anode have been practically applied for power sources of port- 
able cordless apparatuses, such as information and communication apparatuses and audio-visual apparatuses, and 
mass-produced. 

The practical non-aqueous electrolyte secondary batteries use a carbon material as the anode and LiCo0 2 as a 
positive electrode or a cathode. Studies and researches are concentrated on the materials of the cathode and the 
is anode, in order to further reduce the cost and enhance the energy density. 

Development of new materials which are manufactured at low cost and have high performances will expand the 
application of the non-aqueous electrolyte secondary batteries to a variety of fields, such as electric vehicles, as well 
as the current small-sized portable apparatuses. 

The allowable temperature range of commercially available non-aqueous electrolyte secondary batteries is -20 °C 
20 to 60 °C. Under the conditions of conventional applications, the batteries are used at or around room temperature, so 
that no significant problems have arisen with respect to the temperature. The future expansion of their applications may, 
however, cause the batteries to be used in severer conditions. 

A lithium secondary battery, which is a currently available non-aqueous electrolyte secondary battery, internally 
produces heat during discharge. The small-sized battery produces only a small quantity of heat and has favorable radi- 
os ation of heat from the surface of the battery. The large-sized battery used, for example, for electric vehicles to generate 
a large amount of electricity, on the other hand, produces a greater quantity of heat than the quantity of radiation and 
may temporarily has a high internal temperature. The battery is also exposed to high temperatures when being applied 
to apparatuses which produce heat. 

In case that the lithium secondary battery under the charged condition is exposed to high temperatures, the prop- 
30 erties of the battery drastically deteriorate due to the expected reaction of an active material in the charged state with 
a non-aqueous electrolyte. The once deteriorating battery due to the high temperatures does not recover its properties. 

It is accordingly required to prevent deterioration of the properties due to the heat when the non-aqueous electro- 
lyte secondary battery is applied to the conditions of high temperatures. 

35 BRIEF SUMMARY OF THE INVENTION 

The object of the present invention is thus to provide a non-aqueous electrolyte secondary battery which hardly 
causes deterioration of its properties when being temporarily exposed to high temperatures. 

The present invention provides a non-aqueous electrolyte secondary battery that includes a substance, which pro- 
40 duces either one of water and gaseous carbon dioxide with an increase in temperature, in the battery or more specifi- 
cally in any one of power generating elements, such as a cathode, an anode, and a non-aqueous electrolyte, voids in 
the battery, and other elements incorporated in the battery. 

The substance which produces water may be any compound that produces water through chemical reactions, any 
compound which contains water, any substance on which water is adsorbed, any capsular or saccular structure which 
45 contains water therein, or any other substance which eventually evolves water. 

The substance which produces gaseous carbon dioxide may be any carbonate or hydrogencarbonate. 
The present invention is also directed to a non-aqueous electrolyte secondary battery having a chargeable and dis- 
chargeable cathode, a chargeable and dischargeable anode, and a non-aqueous electrolyte, wherein any one of the 
cathode, the anode, and the non-aqueous electrolyte includes at least one compound selected from the group consist- 
50 ing of aluminum compounds, nickel compounds, and cobalt compounds. 

The non-aqueous electrolyte secondary battery of the present invention hardly causes deterioration of its proper- 
ties even when the battery is temporarily exposed to high temperatures. 

While the novel features of the invention are set forth particularly in the appended claims, the invention, both as to 
organization and content, will be better understood and appreciated, along with other objects and features thereof, from 
55 the following detailed description taken in conjunction with the drawings. 
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BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWING 

Fig. 1 is a vertical sectional view schematically illustrating a non-aqueous electrolyte secondary battery embodying 
the present invention; 

5 Fig. 2 is a graph showing the relationship between the addition ratio of cobalt hydroxide to the cathode and the ini- 

tial capacity and the capacity maintenance rate of the battery; 

Fig. 3 is a graph showing the relationship between the addition ratio of nickel hydroxide to the anode and the initial 
capacity and the capacity maintenance rate of the battery; 

Fig. 4 is a graph showing the relationship between the addition ratio of hydrous aluminum oxide to the electrolyte 
w and the initial capacity and the capacity maintenance rate of the battery; 

Fig. 5 is a graph showing the relationship between the addition ratio of cobalt carbonate to the cathode and the ini- 
tial capacity and the capacity maintenance rate of the battery; 

Fig. 6 is a graph showing the relationship between the addition ratio of sodium hydrogencarbonate to the anode 
and the initial capacity and the capacity maintenance rate of the battery; 
15 Fig. 7 is a graph showing the relationship between the addition ratio of zinc carbonate to the electrolyte and the ini- 

tial capacity and the capacity maintenance rate of the battery; 

Fig. 8 is a graph showing the relationship between the addition ratio of aluminum oxide to the cathode and the initial 
capacity and the capacity maintenance rate of the battery; 

Fig. 9 is a graph showing the relationship between the addition ratio of nickel sulfate to the anode and the initial 
20 capacity and the capacity maintenance rate of the battery; and 

Fig. 10 is a graph showing the relationship between the addition ratio of cobalt acetate to the electrolyte and the 
initial capacity and the capacity maintenance rate of the battery. 

DETAILED DESCRIPTION OF THE INVENTION 

25 

The battery of the present invention includes a substance which produces either water or gaseous carbon dioxide 
with an increase in temperature. 

When the temperature of the battery under the charged condition increases, an electrode active material in the 
charged state reacts with an electrolyte at the interface thereof. This deteriorates the active material and lowers the 
3c capacity of the battery. The reaction is exothermic and increases the temperature at the interface. The temperature 
increase further accelerates the reaction. 

In case that the battery includes a substance which produces water with an increase in temperature, a little amount 
of water is produced in the vicinity of the interface where the reaction of deteriorating the active material proceeds, and 
interferes with the reaction. Namely water prevents the reaction of deteriorating the active material from being acceler- 
35 ated. The battery including the substance which produces water with an increase in temperature enables the properties 
of the battery to be substantially kept even under the condition of a temporary increase in internal temperature of the 
battery. 

In case that the battery includes a substance which produces inert gaseous carbon dioxide with an increase in tem- 
perature, the substance existing in the vicinity of the interface, where the active material in the charged state reacts with 

40 the electrolyte, produces gaseous carbon dioxide with an increase in temperature. The gaseous carbon dioxide pre- 
vents the active material from coming into contact with the electrolyte and interferes with the further reaction, thereby 
preventing deterioration of the properties of the battery. 

It is preferable that the substance produces water at temperatures of not lower than 60 °C. The substance which 
produces water at relatively low temperatures of less than 60 °C undesirably produces water in the drying step of the 

45 electrode manufacturing process and does not produce any water in the actual state of temperature increase. The tem- 
perature of the drying step of the electrode manufacturing process may be lowered. The substance, however, still pro- 
duces water in the normally applied temperature range and may adversely affect the properties of the battery. The 
substance which produces water at temperatures of higher than 300 °C, on the other hand, can not sufficiently exert its 
effects but causes deterioration of the battery. 

so The preferable upper limit of the temperature at which the substance produces water is 250 °C or less, more spe- 
cifically 150 °C or less. 

Typical examples of the substance which produces water with an increase in temperature include hydroxides, boric 
acid containing OH like hydroxides, and compounds having water of crystallization. 

Favorable examples of the hydroxides include zinc hydroxide, aluminum hydroxide, cadmium hydroxide, chromium 
55 hydroxide, cobalt hydroxide, nickel hydroxide, manganese hydroxide, calcium hydroxide, magnesium hydroxide, zirco- 
nium hydroxide, iron hydroxide oxide, and nickel hydroxide oxide. 

Favorable examples of the compounds having water of crystallization include hydrous aluminum oxide, hydrous 
barium sulfate, hydrous calcium sulfate, hydrous cobalt phosphate, hydrous antimony oxide, hydrous tin oxide, hydrous 
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titanium oxide, hydrous bismuth oxide, and hydrous tungsten oxide. 

In case that the substance which produces water with an increase in temperature is contained in either the cathode 
or the anode, the content is preferably 0.5 to 20 parts by weight per 100 parts by weight of the active material of the 
corresponding electrode. 

5 In case that the substance which produces water with an increase in temperature is contained in the non-aqueous 

electrolyte, the content is preferably 0.5 to 30 parts by weight per 100 parts by weight of the non-aqueous electrolyte. 

It is preferable that the substance produces gaseous carbon dioxide at temperatures of not lower than 80 °C. The 
substance which produces carbon dioxide at temperatures of lower than 80 °C may produce gaseous carbon dioxide in 
the normally applied temperature range. The substance which produces carbon dioxide at temperatures of higher than 
10 300 °C, on the other hand, can not sufficiently exert its effects but causes deterioration of the battery. 

The preferable upper limit of the temperature at which the substance produces gaseous carbon dioxide is 250 °C 
or less, more specifically 1 50 °C or less. 

Typical examples of the substance which produces gaseous carbon dioxide with an increase in temperature include 
carbonates and hydrogencarbonates. Preferable examples of the carbonates and hydrogencarbonates include sodium 
15 carbonate, potassium carbonate, rubidium carbonate, calcium carbonate, magnesium carbonate, barium carbonate, 
cobalt carbonate, iron carbonate, nickel carbonate, zinc carbonate, sodium hydrogencarbonate, potassium hydrogen- 
carbonate, rubidium hydrogencarbonate, and cesium hydrogencarbonate. 

In case that the substance which produces gaseous carbon dioxide with an increase in temperature is contained in 
either the cathode or the anode, the content is preferably 0.5 to 25 parts by weight per 100 parts by weight of the active 
20 materia! of the corresponding electrode. 

In case that the substance which produces gaseous carbon dioxide with an increase in temperature is contained in 
either the non-aqueous electrolyte or a separator, the content is preferably 0.5 to 30 parts by weight per 100 parts by 
weight of the non-aqueous electrolyte. 

The inventors of the present invention have found that aluminum compounds, nickel compounds, and cobalt com- 
25 pounds, which do not produce water or gaseous carbon dioxide, also interfere with the reaction of the active material in 
the charged state with the electrolyte. 

Preferable examples of the aluminum compounds include aluminum oxide, aluminum sulfate, aluminum phosphate, 
and aluminum chloride, 

Preferable examples of the nickel compounds include nickel oxide, nickel sulfate, nickel phosphate, and nickel car- 
30 bonate. 

Preferable examples of the cobalt compounds include cobalt oxide, cobalt sulfate, cobalt phosphate, cobalt carbon- 
ate, and cobalt oxalate. 

It is preferable that any one of these aluminum compounds, nickel compounds, and cobalt compounds is added to 
either the cathode or the anode. 
35 In case that such a compound is contained in either the cathode or the anode, the content is preferably 0.5 to 20 

parts by weight per 100 parts by weight of the active material of the corresponding electrode. 

The following compounds other than the above compounds may be added to the electrolyte: aluminum acetate, 
aluminum oxalate, nickel perchlorate, nickel nitrate, nickel acetate, cobalt acetate, and cobalt perchlorate. 

in case that such a compound is contained in the non-aqueous electrolyte, the content is preferably 0.5 to 30 parts 
40 by weight per 100 parts by weight of the non-aqueous electrolyte. 

The present invention is described in detail according to some examples, although the present invention is not 
restricted to these examples. 

Example 1 

45 

In this example, a variety of hydroxides and boric acid were used as the substance which produces water with an 
increase in temperature and added to the cathode material mixture. A cylindrical battery shown in Fig. 1 was used for 
evaluation. 

The following describes the process of manufacturing a battery. 
so The cathode active material used here was LiNi0 2 , which was synthesized by mixing UN0 3 and Ni(OH) 2 at a pre- 
determined molar ratio and heating the mixture at 650 °C in the oxygen atmosphere. The active material was classified 
to have the diameter of not greater than 45 fim. 

After 10 g of carbon powder as a conductive agent, 8 g of polyterafluoroethylene as a binder, and a petroleum sol- 
vent were added to 100 g of the cathode active material and stirred well to yield a paste, 5 g of each compound shown 
55 in Table 1 was further added to the paste. Each resultant paste was applied on a titanium core member, dried at 95 °C, 
rolled, and cut to a predetermined size as a cathode plate. The weight of the active material in the cathode was 3 g. 

A cathode plate of comparative example was prepared in the same manner as in above without any additive. 

Carbon powder having a discharge capacity of 300 mAh per gram was used as the anode active material. A paste- 



4 



BNSDOCID: <EP 0883200A2 t > 



EP 0 883 200 A2 

like mixture was obtained by adding styrene-butadiene rubber as a binder and a petroleum solvent to 100 g of the car- 
bon powder and stirring the mixture well. The mixing ratio of the carbon powder to the binder was 100 to 5 as the weight 
of the solid component. 

The paste was applied on a copper core member, dried at 95 °C, rolled, and cut to a predetermined size as an 
anode plate. The weight of carbon in the anode was 2 g. 

The non-aqueous electrolyte used in this example was prepared by dissolving 1 mol/l lithium perchlorate in a mixed 
solution of ethylene carbonate and dimethoxyethane in an equivolumetric ratio. A microporous polypropylene film was 
used as the separator 

The batteries were assembled in the following manner. 

A positive lead conductor 4 and a negative lead conductor 5 composed of the same materials as those of the 
respective core members were attached to a cathode plate 1 and an anode plate 2 by spot welding. An electrode 
assembly was prepared by spirally winding the cathode plate 1 and the anode plate 2 via a porous polypropylene sep- 
arator 3 having a wider width than those of the cathode plate 1 and the anode plate 2. The electrode assembly was 
inserted into a battery case 8 and covered with polypropylene insulators 6 and 7 disposed on the top and the bottom of 
the electrode assembly After a rolled groove was formed at the shoulder of the battery case 8, a non-aqueous electro- 
lyte was injected into the battery case 8. The quantity of the electrolyte injected was 2.6 ml. The opening of the battery 
case 8 was sealed with a sealing plate 9 with a positive terminal 10. 

Each battery thus assembled was subjected to a high-temperature durability test. The battery was charged to 4.2 
volt and subsequently discharged to 3 volt at a constant current of 0.5 mA at 20 °C. This charge-discharge cycle was 
repeated ten times. After completion of charging in the eleventh cycle, the battery was kept at 150 °C for two minutes. 
The battery was then discharged under the same conditions at 20 °C. The capacity maintenance rate is defined as: 

Capacity maintenance rate = 100 ( (Quantity of discharged electricity in eleventh cycle 
/ Quantity of discharged electricity in tenth cycle) 

25 

After completion of discharging in the eleventh cycle, the battery was charged again and the discharge capacity 
was evaluated. The capacity recovery rate is defined as: 

30 Capacity recovery rate = 100 ( (Quantity of discharged electricity in twelfth cycle/ 

Quantity of discharged electricity in tenth cycle) 

The capacity maintenance rate and the capacity recovery rate after the high-temperature durability test of the 
35 respective batteries are shown in Table 1 . Table 1 



4C 




Capacity maintenance 
rate(%) 


Capacity recovery 
rate(%) 




Zn(OH) 2 


90 


97 




AI(OH) 3 


92 


98 


45 


Cd(OH) 2 


90 


96 




Cr(OH) 2 


91 


98 




Co(OH) P 


92 


98 




Ni(OH) 2 


91 


98 


5C 


Mn(OH) 2 


90 


97 




Ca(OH) 2 


91 


97 




Mg(OH) 2 


92 


97 


55 


Zr(OH) 4 


92 


98 




FeOOH 


91 


98 




NiOOH 


92 


98 
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(continued) 





Capacity maintenance 
rate(%) 


Capacity recovery 
rate(%) 


H3B03 

No additive (Comparative example) 


90 
56.0 


96 
45.4 



The battery of the comparative example with neither hydroxide nor boric acid being added to the cathode material 
w mixture showed a significant decrease in capacity after the test and had a low capacity maintenance rate. The battery 
still had a low capacity even after being charged; that is, the battery had a low capacity recovery rate. The batteries of 
Example 1 with one of the hydroxides or boric acid being added to the cathode material mixture, on the other hand, had 
both a high capacity maintenance rate and a high capacity recovery rate. This elucidates that addition of a compound 
which produces water with an increase in temperature, especially an OH-containing hydroxide or boric acid, to the cattv 
15 ode material mixture effectively prevents a decrease in capacity due to exposure of the battery to high temperatures. It 
is considered that water thus produced interferes with the reaction of the active material in the charged state with the 
electrolyte which causes deterioration of the cell performances. 



Example 2 

20 

In this example, a variety of hydroxides and boric acid were used as the substance which produces water with an 
increase in temperature and added to the anode material mixture. 

Like Example 1 , LiNi0 2 classified to have the diameter of not greater than 45 |nm was used as the cathode active 
material. Ten grams of carbon powder, eight grams of polytetrafluoroethylene, and a petroleum solvent were added to 
25 1 00 g of the cathode active material and stirred well to yield a paste. The paste was applied on a titanium core member, 
dried at 95 °C, rolled, and cut to a predetermined size as a cathode plate. The weight of the active material in the cath- 
ode was 3 g. 

The same carbon powder as Example 1 was used for the anode. After a paste-like mixture was obtained by adding 
styrene-butadiene rubber and a petroleum solvent to 100 g of the carbon powder and stirring the mixture well, 5 g of 
30 each compound shown in Table 2 was further added to the paste-like mixture. The mixing ratio of the carbon powder to 
the binder was 1 00 to 5 as the weight of the solid component. Each resultant paste was applied on a copper core mem- 
ber, dried at 95 °C, rolled, and cut to a predetermined size as an anode plate. The weight of carbon in the anode was 
2g- 

The batteries were assembled in the same manner as in Example 1 except the difference in cathode and anode 
35 and subjected to the high-temperature durability test. The capacity maintenance rate and the capacity recovery rate 
after the high-temperature durability test of the respective batteries are shown in Table 2. 



Table 2 





Capacity maintenance 
rate(%) 


Capacity recovery 
rate(%) 


Zn(OH) 2 


91 


98 


AI(OH) 3 


92 


98 


Cd(OH) 2 


91 


98 


Cr(OH) 2 


91 


98 


Co(OH) 2 


92 


98 


Ni(OH) 2 


92 


98 


Mn(OH) 2 


91 


97 


Ca(OH) 2 


90 


97 


Mg(OH) 2 


91 


97 


Zr(OH) 4 


92 


98 


FeOOH 


91 


98 
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Table 2 (continued) 





Capacity maintenance 


Capacity recovery 




rate(%) 


rate(%) 


NiOOH 


92 


98 


H3BO3 


92 


98 



The batteries of Example 2 with one of the hydroxides or boric acid being added to the anode material mixture had 
w both a high capacity maintenance rate and a high capacity recovery rate. This elucidates that addition of a compound 
which produces water with an increase in temperature, especially an OH-containing hydroxide or boric acid, to the 
anode material mixture effectively prevents a decrease in capacity due to exposure of the battery to high temperatures. 
It is considered that water thus produced interferes with the reaction of the active material in the charged state with the 
electrolyte which causes deterioration of the cell performances. 

15 

Example 3 

In this example, a variety of compounds having water of crystallization were used as the substance which produces 
water with an increase in temperature and added to the cathode material mixture. 
2c The batteries were assembled in the same manner as in Example 1 , except that the compounds having water of 

crystallization shown in Table 3 were applied for the cathode, instead of the hydroxides or boric acid. 

The capacity maintenance rate and the capacity recovery rate after the high-temperature durability test of the 
respective batteries are shown in Table 3. The batteries of Example 3 had both a high capacity maintenance rate and 
a high capacity recovery rate. It is considered that water produced interferes with the reaction of the active material in 
25 the charged state with the electrolyte which causes deterioration of the cell performances. 



Table 3 





Capacity maintenance 
rate(%) 


Capacity recovery 
rate(%) 


Al 2 0 3 -3H 2 0 


92 


98 


Ba(N0 3 ) 2 -H 2 0 


91 


97 


CaS0 4 • 2H 2 0 


90 


96 


Co 3 (P0 4 ) 2 -8H 2 0 


90 


97 


Sb 2 0 5 -2H 2 0 


92 


98 


SnO • H 2 0 


91 


98 


Ti0 2 -2H 2 0 


91 


97 


Bi 2 0 4 -2H 2 0 


91 


98 


W0 3 • H 2 0 


90 


98 



45 

Example 4 

In this example, a variety of compounds having water of crystallization were used as the substance which produces 
water with an increase in temperature and added to the anode material mixture. 
so The batteries were assembled in the same manner as in Example 2, except that the compounds having water of 

crystallization shown in Table 4 were applied for the anode, instead of the hydroxides or boric acid. 

The capacity maintenance rate and the capacity recovery rate after the high-temperature durability test of the 
respective batteries are shown in Table 4. The batteries of Example 4 had both a high capacity maintenance rate and 
a high capacity recovery rate. 
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Table 4 





Capacity maintenance 
rate(%) 


Capacity recovery 
rate(%) 


Al 2 0 3 * 3H 2 0 


92 


98 


Ba(N0 3 ) 2 ' H 2 0 


91 


97 


CaS0 4 -2H 2 0 


90 


97 


Co 3 (P0 4 ) 2 -8H 2 0 


92 


98 


Sb 2 O s • 2H 2 0 


91 


98 


SnO • H 2 0 


91 


98 


Ti0 2 • 2H 2 0 


92 


97 


Bi 2 0 4 • 2H 2 0 


91 


98 


WO s • H 2 0 


91 


98 



20 

Example 5 

In this example, a variety of hydroxides were used as the substance which produces water with an increase in tem- 
perature and added to the electrolyte. 
25 The electrolyte used in this example was prepared by dissolving 1 mol/l lithium perchlorate in a mixed solution of 
ethylene carbonate and dimethoxyethane in an equivolumetric ratio. Each hydroxide shown in Table 5 was added to the 
electrolyte at the ratio of 3 parts by weight per 100 parts by weight of the electrolyte. It is not necessary to dissolve the 
additive in the electrolyte. 

The batteries including the cathode and the anode of the comparative example were assembled and evaluated in 
30 the same manner as in Example 1 . 

The capacity maintenance rate and the capacity recovery rate after the high-temperature durability test of the 
respective batteries are shown in Table 5. 



Table 5 







Capacity maintenance 
rate(%) 


Capacity recovery 
rate(%) 




Zn(OH) 2 


90 


97 


40 


AI(OH) 3 


92 


98 




Cd(OH) 2 


91 


98 




Cr(OH) 2 


92 


98 


45 


Co(OH) 2 


92 


98 


Ni(OH) 2 


92 


98 




Mn(OH) 2 


91 


97 




Ca(OH) 2 


90 


96 


50 


Mg(OH) 2 


91 


97 




Zr(OH) 4 


91 


98 




FeOOH 


91 


98 




NiOOH 


92 


98 


55 









The batteries of Example 5 had both a high capacity maintenance rate and a high capacity recovery rate. This 
means that addition of the substance which produces water with an increase in temperature to the electrolyte exerts the 
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same effects as those in the case of addition to the electrode. 

Table 6 shows the results of evaluation when a variety of compounds having water of crystallization were used as 
the substance which produces water with an increase in temperature and added to the electrolyte. Addition of the com- 
pound having water of crystallization to the electrolyte resulted in both a high capacity maintenance rate and a high 
5 capacity recovery rate. 



Table 6 





dsn^ritv mflintpnanrp 

rate(%) 


vj* c*|j ci\j 1 1 y 1 cvv»ci y 

rate(%) 


AI 2 0 3 -3H 2 0 


92 


98 


Ba(N0 3 ) 2 • H 2 0 


90 


97 


CaS0 4 -2H 2 0 


90 


96 


Co 3 (P0 4 ) 2 -8H 2 0 


92 


98 


Sb 2 0 5 -2H 2 0 


91 


98 


SnO • H 2 0 


91 


98 


Ti0 2 -2H 2 0 


91 


98 


Bi 2 0 4 -2H 2 0 


91 


97 


W0 3 • H 2 0 


91 


97 



25 

Example 6 

The content of the substance which produces water with an increase in temperature was studied in this example. 

The addition ratio of the substance which produces water with an increase in temperature to the cathode was 
3G examined first. Cobalt hydroxide was used as the substance which produces water with application of heat. While the 
content of cobalt hydroxide added to the active material of the cathode was varied, the batteries were assembled in the 
same manner as in Example 1 . Fig. 2 is a graph showing the relationship between the addition ratio of cobalt hydroxide 
to the cathode and the initial capacity and the capacity maintenance rate of the battery. 

When the content of the additive exceeded 20 parts by weight per 100 parts by weight of the active material, the 
35 initial capacity of the battery abruptly decreased. This is because the quantity of the active material included in the cath- 
ode decreases and the additive interferes with electric conduction between the active materials. The capacity mainte- 
nance rate after application of heat showed favorable values when the content of the additive was equal to or greater 
than 0.5 parts by weight per 100 parts by weight of the active material. These results show that the preferable content 
of the additive is 0.5 to 20 parts by weight per 100 parts by weight of the active material. Although cobalt hydroxide was 
40 used in this example, other hydroxides, boric acid, and compounds having water of crystallization had similar results. 

The addition ratio of the substance which produces water with an increase in temperature to the anode was exam- 
ined next. Nickel hydroxide was used as the substance which produces water with application of heat. While the content 
of nickel hydroxide added to the active material of the anode was varied, the batteries were assembled in the same 
manner as in Example 2. Fig. 3 is a graph showing the relationship between the addition ratio of nickel hydroxide to the 
45 anode and the initial capacity and the capacity maintenance rate of the battery. 

When the content of the additive exceeded 20 parts by weight per 100 parts by weight of the active material, the 
initial capacity of the battery abruptly decreased. This is because the quantity of the active material included in the 
anode decreases and the additive interferes with electric conduction between the active materials. The capacity main- 
tenance rate after application of heat showed favorable values when the content of the additive was equal to or greater 
so than 0.5 parts by weight per 100 parts by weight of the active material. These results show that the preferable content 
of the additive is 0.5 to 20 parts by weight per 1 00 parts by weight of the active material. Although nickel hydroxide was 
used in this example, other hydroxides, boric acid, and compounds having water of crystallization had similar results. 

The addition ratio of the substance which produces water with an increase in temperature to the electrolyte was 
examined. Hydrous aluminum oxide (Al 2 0 3 • 3H 2 0) was used as the substance which produces water with application 
55 of heat. While the content of hydrous aluminum oxide added to the electrolyte was varied, the batteries were assembled 
in the same manner as in Example 5. Fig. 4 is a graph showing the relationship between the addition ratio of hydrous 
aluminum oxide to the electrolyte and the initial capacity and the capacity maintenance rate of the battery. 

When the content of hydrous aluminum oxide exceeded 30 parts by weight per 100 parts by weight of the electro- 
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lyte, the initial capacity of the battery abruptly decreased. This is because the additive lowers the ionic conductivity of 
the electrolyte and interferes with the reactions of the electrodes. The capacity maintenance rate after application of 
heat showed favorable values when the content of the additive was equal to or greater than 0.5 parts by weight per 100 
parts by weight of the electrolyte. These results show that the preferable content of the additive is 0.5 to 30 parts by 
5 weight per 100 parts by weight of the electrolyte. Although hydrous aluminum oxide was used in this example, other 
hydroxides, boric acid, and compounds having water of crystallization had similar results. 

Example 7 

10 In this example, the substance which produces water with an increase in temperature was included in a variety of 

sites in the battery other than the cathode, the anode, and the electrolyte. 

The cathode, the anode, and the electrolyte used in Example 7 were the same as those of the comparative exam- 
ple discussed in Example 1 . The batteries were assembled after addition of 0.5 g of nickel hydroxide to a central space 
of an electrode assembly prepared by spirally winding the cathode and the anode via the separator, between the elec- 
ts trode assembly and the battery case, and between the electrode assembly and the sealing plate. The battery of com- 
parative example here was assembled without any additive. The batteries were evaluated in the same manner as in 
Example 1, and the results of evaluation are shown in Table 7. 



Table 7 



Position of Ni(OH) 2 


Capacity maintenance 
rate (%) 


Capacity recovery rate 
(%) 


Central space of electrode assembly 


91 


96 


Between electrode assembly and battery case 


91 


97 


Above electrode assembly (Space below sealing plate) 


92 


98 



As clearly shown in Table 7, addition of the substance which produces water with an increase in temperature to the 
30 battery other than the electrodes and the electrolyte resulted in both a high capacity maintenance rate and a high 
capacity recovery rate. This means that the existence of the substance which produces water with an increase in tem- 
perature inside the battery effectively prevents deterioration of the properties of the battery when the battery is tempo- 
rarily exposed to high temperatures. It is considered that water produced interferes with the reaction of the active 
material in the charged state with the electrolyte which causes deterioration of the cell performances. 
35 In this example, nickel hydroxide was used as the compound which produces water with an increase in tempera- 
ture. A variety of other compounds were also subjected to the same high-temperature durability test and had similar 
results. Examples of the other compounds included hydroxides, such as zinc hydroxide, aluminum hydroxide, cadmium 
hydroxide, chromium hydroxide, cobalt hydroxide, manganese hydroxide, calcium hydroxide, magnesium hydroxide, zir- 
conium hydroxide, and iron hydroxide oxide, other OH-containing compounds, such as boric acid, and compounds hav- 
40 ing water of crystallization, such as hydrous aluminum oxide, hydrous barium nitrate, hydrous calcium sulfate, hydrous 
cobalt phosphate, hydrous antimony oxide, hydrous tin oxide, hydrous titanium oxide, hydrous bismuth oxide, and 
hydrous tungsten oxide. 

The results of Examples 1 through 7 show that addition of the compound which produces water with an increase in 
temperature to the battery effectively prevents deterioration of the properties of the battery when the battery is tempo- 

45 rarily exposed to high temperatures. This is because water thus produced interferes with the reaction of deteriorating 
the battery at high temperatures. Any compounds which eventually produce water with an increase in temperature other 
than the hydroxides and the compounds having water of crystallization specified above exert the same effects; for 
example, substances which release water adsorbed thereon and capsular and saccular structures containing water. 
It is preferable that the substance produces water at temperatures of not lower than 60 °C. The substance which 

so produces water at relatively low temperatures of less than 60 °C undesirably produces water in the drying step of the 
electrode manufacturing process and does not produce any water in the actual state of temperature increase. The tem- 
perature of the drying step of the electrode manufacturing process may be lowered. The substance, however, still pro- 
duces water in the normally applied temperature range and may adversely affect the properties of the battery. 

55 Example 8 

In this example, a variety of carbonates and hydrogencarbonates were used as the substance which produces gas- 
eous carbon dioxide with an increase in temperature and added to the cathode material mixture. 



10 

BNSDOCID: <EP Q883200A2 I > 



EP 0 883 200 A2 



The batteries were assembled in the same manner as in Example 1, except that the compounds shown in Table 8 
were used instead of the hydroxides. 

The capacity maintenance rate and the capacity recovery rate after the high-temperature durability test of the 
respective batteries are shown in Table 8. 



Table 8 





Capacity maintenance 

1 dlc^ /of 


Capacity recovery 

l cllc^ /Of 




JO 


Q7 






Q7 










Q1 


zf f 


MgOvJ3 


yo 


yts 


BaCOo 

>-"-* v ^ v -'3 


91 


97 


C0CO3 


92 


96 


FeC0 3 


92 


97 


NiCG 3 


93 


97 


ZnC0 3 


92 


96 


NaHC0 3 


92 


96 


KHCO3 


91 


96 


RbHC0 3 


91 


95 


CsHC0 3 


91 


95 



The batteries of Example 8 with one of the carbonates and hydrogencarbonates being added to the cathode had 
both a high capacity maintenance rate and a high capacity recovery rate. This elucidates that addition of the carbonates 
and hydrogencarbonates to the cathode material mixture effectively prevents a decrease in capacity due to exposure 
35 of the battery to high temperatures. It is considered that these compounds interfere with the reaction of the active mate- 
rial in the charged state with the electrolyte which causes deterioration of the cell performances. 

Example 9 

40 In this example, a variety of carbonates and hydrogencarbonates were used as the substance which produces gas- 

eous carbon dioxide with an increase in temperature and added to the anode material mixture. 

The batteries were assembled in the same manner as in Example 2, except that the compounds shown in Table 9 
were used instead of the hydroxides. 

The capacity maintenance rate and the capacity recovery rate after the high-temperature durability test of the 
45 respective batteries are shown in Table 9. 



Table 9 





Capacity maintenance 
rate (%) 


Capacity recovery 
rate(%) 


Na 2 C0 3 


93 


96 


K 2 C0 3 


92 


96 


Rb 2 C0 3 


92 


96 


CaC0 3 


92 


96 


MgC0 3 


92 


97 
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Table 9 (continued) 





Capacity maintenance 
rate (%) 


Capacity recovery 
rate(%) 


BaC0 3 


92 


96 


C0CO3 


92 


97 


FeC0 3 


92 


96 


NiC0 3 


93 


97 


ZnC0 3 


91 


95 


Li 2 C0 3 


90 


95 


NaHC0 3 


92 


97 


KHCO3 


92 


97 


RbHC0 3 


91 


95 


CsHC0 3 


91 


96 



20 Like the batteries of Example 8, the batteries of Example 9 with one of the carbonates and hydrogencarbonates 
being added to the anode had both a high capacity maintenance rate and a high capacity recovery rate. 

Example 10 

25 In this example, a variety of carbonates and hydrogencarbonates except lithium carbonate were used as the sub- 
stance which produces gaseous carbon dioxide with an increase in temperature and added to an anode of metallic lith- 
ium. 

The metallic lithium anode was prepared by cutting a lithium foil of 600 ^im in thickness and attaching lead terminals 
to the lithium foil. Each one of the carbonates and hydrogencarbonates shown in Table 1 0 was dispersed in a petroleum 
30 solvent. The dispersion was sprayed onto the surface of the anode, and the solvent was evaporated and dried. The 
weight of the carbonate or the hydrogencarbonate adhering to the anode was calculated from the difference in weight 
before and after the spraying and drying process. The content of the carbonate or the hydrogencarbonate was regu- 
lated to be approximately 10 parts by weight per 100 parts by weight of metallic lithium. 

The batteries were assembled in the same manner as in Example 2 except the difference in anode. 
35 The respective batteries were evaluated in the same manner as in Example 1 , except that the battery was heated 
at 100 °C after completion of charging in the eleventh cycle. 

The capacity maintenance rate and the capacity recovery rate after the high-temperature durability test of the 
respective batteries are shown in Table 10. 



40 

Table 10 







Capacity maintenance 
rate (%) 


Capacity recovery 
rate(%) 


45 


Na 2 C0 3 


90 


95 




K 2 C0 3 


90 


94 




Rb 2 C0 3 


89 


94 




CaC0 3 


90 


94 


50 


MgC0 3 


91 


96 




BaC0 3 


90 


95 




CoC0 3 


91 


93 


55 


FeCO s 


89 


92 




NiC0 3 


90 


93 




ZnC0 3 


91 


92 
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Table 10 (continued) 





Capacity maintenance 
rate (%) 


Capacity recovery 
rate(%) 


NaHC0 3 


89 


90 


KHC0 3 


88 


91 


RbHC0 3 


89 


93 


CsHC0 3 


87 


90 



The batteries of Example 1 0 had both a high capacity maintenance rate and a high capacity recovery rate. This elu- 
cidates that addition of the carbonates and hydrogencarbonates to the anode of metallic lithium effectively prevents a 
decrease in capacity due to exposure of the battery to high temperatures. 

Example 1 1 



In this example, a variety of carbonates and hydrogencarbonates were used as the substance which produces gas- 
eous carbon dioxide with an increase in temperature and added to the non-aqueous electrolyte. 
20 The batteries were assembled in the same manner as in Example 5, except that the compounds shown in Table 1 1 
were used here, and evaluated in the same manner as in Example 1 . 

The capacity maintenance rate and the capacity recovery rate after the high-temperature durability test of the 
respective batteries are shown in Table 1 1 . The batteries of Example 1 1 had both a high capacity maintenance rate and 
a high capacity recovery rate. 

25 



Table 1 1 





Capacity maintenance 
rate(%) 


Capacity recovery 
rate(%) 


Na 2 C0 3 


93 


96 


K 2 CG 3 


93 


95 


Rb 2 C0 3 


93 


95 


CaC0 3 


94 


96 


MgC0 3 


95 


97 


BaC0 3 


93 


95 


CoC0 3 


92 


96 


FeC0 3 


93 


95 


NiC0 3 


95 


97 


ZnC0 3 


93 


95 


Li 2 C0 3 


91 


92 


NaHC0 3 


93 


95 


KHC0 3 


94 


97 


RbHC0 3 


93 


94 


CsHC0 3 


92 


93 



Example 12 

In this example, a variety of carbonates and hydrogencarbonates were used as the substance which produces gas- 
eous carbon dioxide with an increase in temperature and added to a separator. 

Each one of the compounds shown in Table 12 was dispersed in dimethoxyethane. The dispersion was applied on 



13 



BNSDOCID: <EP 0683200 A2_!_> 



EP 0 883 200 A2 

a separator of a microporous polypropylene film and dried, so that each compound adheres on the surface of the sep- 
arator. 

The batteries were assembled in the same manner as in the comparative example discussed in Example 1 , except 
that the separator was used in this example. 
5 The capacity maintenance rate and the capacity recovery rate after the high-temperature durability test of the 

respective batteries are shown in Table 1 2. The batteries of Example 1 2 had both a high capacity maintenance rate and 
a high capacity recovery rate. Addition of the compound which produces gaseous carbon dioxide with an increase in 
temperature to the separator exerts the same effects as those in the case of addition to the electrodes. 



10 

Table 12 







Capacity maintenance 
rate(%) 


Capacity recovery 
rate(%) 


15 


Na 2 C0 3 


92 


94 




K 2 C0 3 


92 


95 




Rb 2 C0 3 


91 


93 




CaC0 3 


92 


94 


20 


MgC0 3 


93 


95 




BaC0 3 


92 


94 




CoC0 3 


92 


94 


25 


FeC0 3 


91 


94 




NiCO s 


92 


95 




ZnC0 3 


90 


94 




Li 2 C0 3 


89 


92 


30 


NaHC0 3 


91 


95 




KHC0 3 


92 


96 




RbHC0 3 


90 


94 


35 


CsHC0 3 


89 


94 



Example 13 

40 The content of the substance which produces gaseous carbon dioxide with an increase in temperature was studied 
in this example. 

The addition ratio of the substance which produces gaseous carbon dioxide with an increase in temperature to the 
cathode was examined first Cobalt carbonate was used as the substance which produces gaseous carbon dioxide with 
application of heat. While the content of cobalt carbonate added to the active material of the cathode was varied, the 
45 batteries were assembled in the same manner as in Example 1 . Fig. 5 is a graph showing the relationship between the 
addition ratio of cobalt carbonate to the cathode and the initial capacity and the capacity maintenance rate of the bat- 
tery. 

When the content of the additive exceeded 25 parts by weight per 100 parts by weight of the active material, the 
initial capacity of the battery abruptly decreased. This is because the quantity of the active material included in the cath- 

50 ode decreases and the additive interferes with electric conduction between the active materials. The capacity mainte- 
nance rate after application of heat showed favorable values when the content of the additive was equal to or greater 
than 0.5 parts by weight per 100 parts by weight of the active material. These results show that the preferable content 
of the additive is 0.5 to 25 parts by weight per 100 parts by weight of the active material. Although cobalt carbonate was 
used in this example, other carbonates and hydrogencarbonates used in Example 8 had similar results. 

55 The addition ratio of the substance which produces gaseous carbon dioxide with an increase in temperature to the 
anode was examined next. Sodium hydrogencarbonate was used as the substance which produces gaseous carbon 
dioxide with application of heat. While the content of sodium hydrogencarbonate added to the active material of the 
anode was varied, the batteries were assembled in the same manner as in Example 2. Fig. 6 is a graph showing the 
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relationship between the addition ratio of sodium hydrogencarbonate to the anode and the initial capacity and the 
capacity maintenance rate of the battery. 

When the content of the additive exceeded 25 parts by weight per 100 parts by weight of the active material, the 
initial capacity of the battery abruptly decreased. This is because the quantity of the active material included in the 

5 anode decreases and the additive interferes with electric conduction between the active materials. The capacity main- 
tenance rate after application of heat showed favorable values when the content of the additive was equal to or greater 
than 0.5 parts by weight per 100 parts by weight of the active material. These results show that the preferable content 
of the additive is 0.5 to 25 parts by weight per 100 parts by weight of the active material. Although sodium hydrogen- 
carbonate was used in this example, other carbonates and hydrogencarbonates used in Example 9 had similar results. 

w The addition ratio of the substance which produces gaseous carbon dioxide with an increase in temperature to the 
electrolyte was examined. Zinc carbonate was used as the substance which produces gaseous carbon dioxide with 
application of heat. While the content of zinc carbonate added to the electrolyte was varied, the batteries were assem- 
bled in the same manner as in Example 5. Fig. 7 is a graph showing the relationship between the addition ratio of zinc 
carbonate to the electrolyte and the initial capacity and the capacity maintenance rate of the battery. 

15 When the content of zinc carbonate exceeded 30 parts by weight per 100 parts by weight of the electrolyte, the ini- 
tial capacity of the battery abruptly decreased. This is because the additive lowers the ion conductivity of the electrolyte 
and interferes with the reactions of the electrodes. The capacity maintenance rate after application of heat showed favo- 
rable values when the content of the additive was equal to or greater than 0.5 parts by weight per 100 parts by weight 
of the electrolyte. These results show that the preferable content of the additive is 0.5 to 30 parts by weight per 100 

20 parts by weight of the electrolyte. Although zinc carbonate was used in this example, other carbonates and hydrogen- 
carbonates used in Example 1 1 had similar results. 

Example 14 

25 In this example, the substance which produces gaseous carbon dioxide with an increase in temperature was 

included in a variety of sites in the battery other than the cathode, the anode, and the electrolyte. 

The cathode, the anode, and the electrolyte used in Example 14 were the same as those of the comparative exam- 
ple discussed in Example 1 . The batteries were assembled after addition of 0.5 g of barium carbonate to a central space 
of an electrode assembly prepared by spirally winding the cathode and the anode via the separator, between the elec- 

3c trode assembly and the battery case, and between the electrode assembly and the sealing plate. The batteries were 
evaluated in the same manner as in Example 1 , and the results of evaluation are shown in Table 13. 



Table 1 3 



Position of BaC0 3 


Capacity maintenance 
rate (%) 


Capacity recovery rate 
(%) 


Central space of electrode assembly 


89 


93 


Between electrode assembly and battery case 


91 


94 


Above electrode assembly (Space below sealing plate) 


85 


89 



As clearly shown in Table 13, addition of the substance which produces gaseous carbon dioxide with an increase 
in temperature to the battery other than the electrodes and the electrolyte resulted in both a high capacity maintenance 
45 rate and a high capacity recovery rate. This means that the existence of the substance which produces gaseous carbon 
dioxide with an increase in temperature inside the battery effectively prevents deterioration of the properties of the bat- 
tery when the battery is temporarily exposed to high temperatures. 

Although barium carbonate was used as the substance which produces gaseous carbon dioxide with an increase 
in temperature in this example, the compounds specified above which produce gaseous carbon dioxide with an 
so increase in temperature exert the same effects. 

Example 15 

In Examples 8 and 9, the substance which produces gaseous carbon dioxide with an increase in temperature was 
55 added to the cathode material mixture and the anode material mixture, respectively. In this example, however, the sub- 
stance which produces gaseous carbon dioxide with an increase in temperature was applied on the surface of the cath- 
ode or the anode. 

The cathode plate and the anode plate were prepared in the same manner as in the comparative example dis- 
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cussed in Example 1 . A compound which produces gaseous carbon dioxide with an increase in temperature was mixed 
with water or a petroleum solvent. The compound may be dissolved in water or the petroleum solvent used as the 
medium or suspended in the medium. The solution or the suspension was applied on the surface of the electrode, and 
the medium was evaporated and dried. 

5 Another procedure may be adopted to apply the compound on the surface of the electrode. The compound which 

produces gaseous carbon dioxide was mixed with the petroleum solvent, which was identical with that used for prepa- 
ration of the paste of the electrode material mixture. The paste of the electrode material mixture was applied on a core 
member. The mixed solution was sprayed onto the surface on which the paste was applied, before the paste was dried. 
The core member with the paste of the electrode material mixture and the mixed solution was then dried at 95 °C and 

10 rolled. This procedure ensures secure adhesion of the compound to the electrode material mixture and effectively pre- 
vents the additive from peeling off in the process of manufacturing the battery. 

The batteries were assembled in the same manner as in the comparative example except the difference in cathode 
and evaluated in the same manner as in Example 1 . The results of evaluation are shown in Table 14. The batteries were 
also assembled in the same manner as in the comparative example except the difference in anode and evaluated in the 

r5 same manner as in Example 1 . The results of evaluation are shown in Table 15. As clearly understood from Tables 14 
and 1 5, application of the compound which produces gaseous carbon dioxide on the surface of the electrode exerts the 
same effects as those in the case of addition of the compound to the electrode material mixture. 



Table 1 4 







Capacity maintenance 
rate (%) 


Capacity recovery 
rate(%) 




Na 2 C0 3 


93 


96 


25 


K 2 C0 3 


92 


96 




Rb 2 C0 3 


92 


95 




CaC0 3 


92 


97 


30 


MgC0 3 


93 


97 


BaC0 3 


91 


95 




CoC0 3 


91 


96 




FeC0 3 


92 


96 


35 


NiC0 3 


92 


97 




ZnC0 3 


91 


95 




NaHC0 3 


92 


96 


40 


KHC0 3 


92 


95 




RbHC0 3 


91 


94 




CsHC0 3 


90 


93 



45 



Table 15 





Capacity maintenance 
rate(%) 


Capacity recovery 
rate(%) 


Na 2 C0 3 


92 


95 


K 2 C0 3 


92 


96 


Rb 2 C0 3 


93 


96 


CaC0 3 


93 


95 


MgC0 3 


92 


95 
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Table 15 (continued) 







Capacity maintenance 
rate(%) 


Capacity recovery 
rate(%) 


5 


BaC0 3 


91 


95 




C0CO3 


92 


96 




FeC0 3 


91 


95 




NiC0 3 


93 


97 


10 


ZnC0 3 


92 


96 




Li 2 C0 3 


89 


93 




NaHC0 3 


93 


96 


15 


KHCO3 


92 


95 




RbHC0 3 


92 


96 




CsHC0 3 


90 


94 



20 Example 16 



In this example, a variety of aluminum compounds, nickel compounds, and cobalt compounds were added to the 
cathode material mixture. 

The batteries were assembled in the same manner as in Example 1 , except that 7 g of each compound shown in 
25 Table 16 was used instead of 5 g of the hydroxide, and evaluated under the same conditions as those of Example 1 . 
The capacity maintenance rate and the capacity recovery rate after the high-temperature durability test of the respec- 
tive batteries are shown in Table 16. 



3G 




Table 16 








Capacity maintenance 
rate(%) 


Capacity recovery 
rate(%) 




Aluminum compounds 






35 


Al 2 0 3 


91 


98 




AI 2 (S0 4 ) 3 


91 


97 




AIPO4 


90 


97 


40 


AICI3 


90 


96 




Nickel compounds 








NiO 


92 


97 




NiS0 4 


93 


98 


45 


Ni 3 (P0 4 ) 2 


92 


97 




N1CO3 


91 


97 




Cobalt compounds 






50 


Co 2 0 3 
C0SO4 


92 
91 


98 
98 




Co 3 (P0 4 ) 2 


90 


97 




CoC0 3 


90 


97 


55 


Co(C 2 0 4 ) 


91 


96 



The batteries of Example 1 6 had both a high capacity maintenance rate and a high capacity recovery rate. This elu- 
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cidates that addition of the aluminum compounds, nickel compounds, and cobalt compounds to the cathode material 
mixture effectively prevents a decrease in capacity due to exposure of the battery to high temperatures. It is considered 
that the existence of aluminum, nickel, or cobalt interferes with the reaction of the active material in the charged state 
with the electrolyte at high temperatures which causes deterioration of the cell performances. 

Example 17 

In this example, a variety of aluminum compounds, nickel compounds, and cobalt compounds were added to the 
anode material mixture. 

The batteries were assembled in the same manner as in Example 2, except that each compound shown in Table 
1 7 was used instead of the hydroxide, and evaluated under the same conditions as those of Example 1 . The capacity 
maintenance rate and the capacity recovery rate after the high-temperature durability test of the respective batteries are 
shown in Table 17. 



Table 17 





Capacity maintenance 
rate(%) 


Capacity recovery 
rate(%) 


Aluminum compounds 






Al 2 0 3 


92 


98 


AI 2 (S0 4 ) 3 


92 


97 


AIP0 4 


90 


97 


AICI3 


91 


96 


Nickel compounds 






NiO 


92 


97 


NiS0 4 


93 


98 


Ni 3 (P0 4 ) 2 


91 


96 


NiC0 3 


91 


96 


Cobalt compounds 






Co 2 0 3 


94 


98 


C0SO4 


92 


98 


Co 3 (P0 4 ) 2 


91 


97 


C0CO3 


90 


97 


Co(C 2 0 4 ) 


90 


97 



The results show that addition of the aluminum compounds, nickel compounds, and cobalt compounds to the 
anode material mixture effectively prevents a decrease in capacity due to exposure of the battery to high temperatures. 

Example 18 

In this example, a variety of aluminum compounds, nickel compounds, and cobalt compounds were added to the 
electrolyte. 

The electrolyte used in this example was prepared by dissolving 1 mol/l lithium perchlorate in a mixed solution of 
ethylene carbonate and dimethoxyethane in an equivolumetric ratio. Each compound shown in Table 18 was added to 
the electrolyte at the ratio of 2 parts by weight per 100 parts by weight of the electrolyte. It is not necessary to dissolve 
the additive in the electrolyte. 

The batteries including the cathode and the anode of the comparative example were assembled and evaluated in 
the same manner as in Example 1 . The capacity maintenance rate and the capacity recovery rate after the high-tem- 
perature durability test of the respective batteries are shown in Table 18. 
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Table 18 





Capacity maintenance 
rate(vo) 


Capacity recovery 
rate(To) 


Miurninurn compounas 








92 


98 


MI 2V ov -M/3 




97 


AlrU 4 


y 1 


y / 


AIOI3 


y 1 


y / 






yy 


Al2(C2U4)3 • nH 2 U 


91 


97 


Nickel compounds 








y<i 


y / 






Q7 


[NJI 3 V ^4/2 






N1OU3 


91 


96 


M:/Pir\ \ 
Ni(OKJ 4 )2 


93 


98 


Nl(NU 3 J2 


y*i 


Q7 

y / 


Nl(CH3COO)2 


92 


98 


Cobalt compounds 








y*i 


QQ 

yy 




91 


98 


Co 3 (P0 4 ) 2 


90 


97 


C0CO3 


90 


96 


Co(C 2 0 4 ) 


92 


98 


Co(CH 3 COO) 3 


91 


97 


Co(CI0 4 ) 2 


93 


98 



40 

The results show that addition of the aluminum compounds, nickel compounds, and cobalt compounds to the elec- 
trolyte effectively prevents a decrease in capacity due to exposure of the battery to high temperatures. 

Example 19 

45 

The addition ratio of the aluminum compound, nickel compound, or cobalt compound was studied in this example. 

The addition ratio of the compound to the cathode was examined first. Aluminum oxide was added to the cathode. 
While the content of aluminum oxide added to the active material of the cathode was varied, the batteries were assem- 
bled in the same manner as in Example 16. Fig. 8 is a graph showing the relationship between the addition ratio of alu- 
50 minum oxide to the cathode and the initial capacity and the capacity maintenance rate of the battery. 

When the content of aluminum oxide exceeded 20 parts by weight per 100 parts by weight of the active material, 
the initial capacity of the battery abruptly decreased. This is because the quantity of the active material included in the 
cathode decreases and the additive interferes with electric conduction between the active materials. The capacity main- 
tenance rate after application of heat showed favorable values when the content of the additive was equal to or greater 
55 than 0.5 parts by weight per 1 00 parts by weight of the active material. These results show that the preferable content 
of the additive is 0.5 to 20 parts by weight per 100 parts by weight of the active material. Although aluminum oxide was 
used in this example, other compounds used in Example 16 had similar results. 

The addition ratio of the compound to the anode was examined next. Nickel sulfate was added to the anode. While 
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the content of nickel sulfate added to the active material of the anode was varied, the batteries were assembled in the 
same manner as in Example 17. Fig. 9 is a graph showing the relationship between the addition ratio of nickel sulfate 
to the anode and the initial capacity and the capacity maintenance rate of the battery. 

When the content of nickel sulfate exceeded 20 parts by weight per 100 parts by weight of the active material, the 

5 initial capacity of the battery abruptly decreased. This is because the quantity of the active material included in the 
anode decreases and the additive interferes with electric conduction between the active materials. The capacity main- 
tenance rate after application of heat showed favorable values when the content of the additive was equal to or greater 
than 0.5 parts by weight per 100 parts by weight of the active material. These results show that the preferable content 
of the additive is 0.5 to 20 parts by weight per 100 parts by weight of the active material. Although nickel sulfate was 

10 used in this example, other compounds used in Example 1 7 had similar results. 

The addition ratio of the compound to the electrolyte was examined. Cobalt acetate was added to the electrolyte. 
While the content of cobalt acetate added to the electrolyte was varied, the batteries were assembled in the same man- 
ner as in Example 18. Fig. 10 is a graph showing the relationship between the addition ratio of cobalt acetate to the 
electrolyte and the initial capacity and the capacity maintenance rate of the battery 

15 When the content of cobalt acetate exceeded 30 parts by weight per 100 parts by weight of the electrolyte, the ini- 
tial capacity of the battery abruptly decreased. The capacity maintenance rate after application of heat showed favora- 
ble values when the content of the additive was equal to or greater than 0.5 parts by weight per 100 parts by weight of 
the electrolyte. These results show that the preferable content of the additive is 0.5 to 30 parts by weight per 100 parts 
by weight of the electrolyte. Although cobalt acetate was used in this example, other compounds used in Example 18 

20 had similar results. 

In the above examples, specific materials were applied for the cathode active material, the anode active material, 
and the electrolyte. The principle of the present invention is, however, not restricted to these materials, but may be appli- 
cable to other materials that are generally used for the non-aqueous electrolyte secondary batteries. Available exam- 
ples of the anode active material include graphite-analogous compounds, aluminum, and aluminum alloys. Available 

25 examples of the cathode active material include those absorbing and desorbing lithium or another similar element, such 
as LiCo0 2 , LiMn 2 0 4t UMn0 2 , LiFe0 2 , Mn0 2 , and V 2 O s . Available examples of the solvent for the electrolyte include 
organic solvents, such as ethylene carbonate, diethyl carbonate, methyl ethyl carbonate, dimethoxyethane, tetrahydro- 
furan, methyl tetrahydrofuran, y-butyrolactone, dioxolane, and dimethyl sulfoxide. Available examples of the solute 
include lithium salts, such as lithium hexafluorophosphate, lithium tetrafluoroborate, and lithium trifluoromethane sul- 

30 fonate. The configuration of the battery is also not restricted to the cylindrical shape, but the batteries of coin and rec- 
tangular shapes exert the same effects. 

Although the present invention has been described in terms of the presently preferred embodiments, it is to be 
understood that such disclosure is not to be interpreted as limiting. Various alterations and modifications will no doubt 
become apparent to those skilled in the art to which the present invention pertains, after having read the above disclo- 

35 sure. Accordingly, it is intended that the appended claims be interpreted as covering all alterations and modifications as 
fall within the true spirit and scope of the invention. 

Claims 

40 1. A non-aqueous electrolyte secondary battery comprising a chargeable and dischargeable cathode, a chargeable 
and dischargeable anode, and a non-aqueous electrolyte, said battery including a substance which produces either 
one of water and gaseous carbon dioxide with an increase in temperature. 

2. A non-aqueous electrolyte secondary battery in accordance with claim 1 , wherein said substance which produces 
45 water with an increase in temperature is included in either one of said cathode and said anode, and a content of 

said substance is 0.5 to 20 parts by weight per 1 00 parts by weight of an active material of said corresponding elec- 
trode. 

3. A non-aqueous electrolyte secondary battery in accordance with claim 1 , wherein said substance which produces 
so water with an increase in temperature is included in said non-aqueous electrolyte, and a content of said substance 

is 0.5 to 30 parts by weight per 100 parts by weight of said non-aqueous electrolyte. 

4. A non-aqueous electrolyte secondary battery in accordance with claim 1 , wherein said substance which produces 
water with an increase in temperature produces water at a temperature of 60 °C to 300 °C 

55 

5. A non-aqueous electrolyte secondary battery in accordance with claim 1 , wherein said substance which produces 
water with an increase in temperature is a hydroxide. 
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6. A non-aqueous electrolyte secondary battery in accordance with claim 5, wherein said hydroxide comprises at 
least one selected from the group consisting of zinc hydroxide, aluminum hydroxide, cadmium hydroxide, chromium 
hydroxide, cobalt hydroxide, nickel hydroxide, manganese hydroxide, calcium hydroxide, magnesium hydroxide, zir- 
conium hydroxide, iron hydroxide oxide, and nickel hydroxide oxide. 

7. A non-aqueous electrolyte secondary battery in accordance with claim 1 , wherein said substance which produces 
water with an increase in temperature is boric actd. 

8. A non-aqueous electrolyte secondary battery in accordance with claim 1 , wherein said substance which produces 
water with an increase in temperature is a compound having water of crystallization. 

9. A non-aqueous electrolyte secondary battery in accordance with claim 8, wherein said compound having water of 
crystallization comprises at least one selected from the group consisting of hydrous aluminum oxide, hydrous bar- 
ium nitrate, hydrous calcium sulfate, hydrous cobalt phosphate, hydrous antimony oxide, hydrous tin oxide, hydrous 
titanium oxide, hydrous bismuth oxide, and hydrous tungsten oxide. 

10. A non-aqueous electrolyte secondary battery in accordance with claim 4, wherein said substance which produces 
water with an increase in temperature produces water at a temperature of 60 °C to 150 °C. 

11. A non-aqueous electrolyte secondary battery in accordance with claim 1 , wherein said substance which produces 
gaseous carbon dioxide with an increase in temperature is included in either one of said cathode and said anode, 
and a content of said substance is 0.5 to 25 parts by weight per 100 parts by weight of an active material of said 
corresponding electrode. 

12. A non-aqueous electrolyte secondary battery in accordance with claim 1 , wherein said substance which produces 
gaseous carbon dioxide with an increase in temperature is included in either one of said non-aqueous electrolyte 
and a separator, and a content of said substance is 0.5 to 30 parts by weight per 100 parts by weight of said non- 
aqueous electrolyte. 

13. A non-aqueous electrolyte secondary battery in accordance with claim 1 , wherein said substance which produces 
gaseous carbon dioxide with an increase in temperature produces gaseous carbon dioxide at a temperature of 80 

°C to 300 °C. 

14. A non-aqueous electrolyte secondary battery in accordance with claim t , wherein said substance which produces 
gaseous carbon dioxide with an increase in temperature comprises at least one selected from the group consisting 
of carbonates and hydrogencarbo nates. 

15. A non-aqueous electrolyte secondary battery in accordance with claim 14, wherein said group consisting of car- 
bonates and hydrogencarbonates comprise sodium carbonate, potassium carbonate, rubidium carbonate, calcium 
carbonate, magnesium carbonate, barium carbonate, cobalt carbonate, iron carbonate, nickel carbonate, zinc car- 
bonate, sodium hydrogencarbonate, potassium hydrogencarbonate, rubidium hydrogencarbonate, and cesium 
hydrogencarbonate. 

16. A non-aqueous electrolyte secondary battery in accordance with claim 13, wherein said substance which produces 
gaseous carbon dioxide with an increase in temperature produces gaseous carbon dioxide at a temperature of 80 
°C to 150 °C. 

17. A non-aqueous electrolyte secondary battery comprising a chargeable and dischargeable cathode, a chargeable 
and dischargeable anode, and a non-aqueous electrolyte, wherein any one of said cathode, said anode, and said 
non-aqueous electrolyte includes at least one compound selected from the group consisting of aluminum com- 
pounds, nickel compounds, and cobalt compounds. 

18. A non-aqueous electrolyte secondary battery in accordance with claim 1 7, wherein said at least one compound is 
included in either one of said cathode and said anode and is selected from the group consisting of aluminum oxide, 
aluminum sulfate, aluminum phosphate, aluminum chloride, nickel oxide, nickel sulfate, nickel phosphate, nickel 
carbonate, cobalt oxide, cobalt sulfate, cobalt phosphate, cobalt carbonate, and cobalt oxalate. 

19. A non-aqueous electrolyte secondary battery in accordance with claim 18, wherein a content of said at least one 
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compound included in either one of said cathode and said anode is 0.5 to 20 parts by weight per 100 parts by 
weight of an active material of said corresponding electrode. 

20. A non-aqueous electrolyte secondary battery in accordance with claim 17, wherein said at least one compound is 
5 included in said non-aqueous electrolyte and is selected from the group consisting of aluminum oxide, aluminum 

sulfate, aluminum phosphate, aluminum chloride, aluminum acetate, aluminum oxalate, nickel oxide, nickel sulfate, 
nickel phosphate, nickel carbonate, nickel perchlorate, nickel nitrate, nickel acetate, cobalt oxide, cobalt sulfate, 
cobalt phosphate, cobalt carbonate, cobalt oxalate, cobalt acetate, and cobalt perchlorate. 

10 21. A non-aqueous electrolyte secondary battery in accordance with claim 20, wherein a content of said at least one 
compound included in said non-aqueous electrolyte is 0.5 to 30 parts by weight per 1 00 parts by weight of said non- 
aqueous electrolyte. 

22. A method of manufacturing a non-aqueous electrolyte secondary battery, which comprises a chargeable and dis- 
15 chargeable cathode, a chargeable and dischargeable anode, a non-aqueous electrolyte, and a separator, said 
method comprising the step of: 

applying or spraying a solution or a dispersion of a compound, which produces gaseous carbon dioxide with 
an increase in temperature, onto surface of at least one of said cathode and said anode. 

20 
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FIG. 1 
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FIG. 2 
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FIG. 3 
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FIG. 4 
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FIG. 6 
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FIG. 7 
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FIG. 8 
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FIG. 9 
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